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By M. Leroy Spearman and Ross B. Robinson 
SUMMARY 


Further tests have been made at a Mach number of 2.01 of the 
fineness-ratio-14.8 missile configuration of NACA RM 155111. Та the 
present investigation, this configuration and a configuration with a 
length-diameter ratio of 17.7 were equipped with 60° and 70° delta 
canard controls of area approximately twice that tested previously. The 
purpose of these tests was to determine the combined effect of canard 
size on pitching effectiveness and on interference losses at the wing. 


Wing efficiency, as indicated by the pitching moments of the body- 
wing configurations, with and without canard controls, decreased as 
control size was increased, particularly at low angles of attack, or as 
body length was shortened. Іп neither case, however, were the interfer- 
ence effects such ав to impair the linearity of the variation of the 
pitching moments with angle of attack. A substantial improvement in 
angle of trim was indicated for the shorter configuration by moving the 
center-of-gravity location rearward from the test moment reference point 
&t 50 percent of the body length to 62 percent of the body length. For 
this condition, the rate of change of trim angle of attack with canard 
deflection was about twice that previously obtained for the missile con- 
figuration with small (10 percent of the wing area) 70° canard controls 
and with а length-diameter ratio of 14.8. 


INTRODUCTION 


A program for the development of cruciform missile configurations 
with canard controls has been conducted in the Langley !i- by h-foot 
supersonic pressure tunnel. The basic models employed surfaces of delta 
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plan form with 70° swept leading edges for the wings and for the а11- 
movable canard controls. Тре effects of control deflection and body 
length on the aerodynamic characteristics of the missile at Mach numbers 
of 1.61 and 2.01 are shown in references 1, 2, and 5. Тһе character- 
istics of the cruciform canard arrangement as well as some very small 
span wing-body configurations at a Mach number of 1.41 are presented in 
reference |. The characteristics of two of the cruciform canard arrange- 
ments in combined pitch and sideslip at a Mach number of 2.01 are pre- 
sented in reference 5. 


The results of reference 1 have shown that the use of a long body 
and a long canard-control moment arm for the purpose of reducing the 
canard wake effects and increasing the canard pitching-effectiveness may 
be unsatisfactory since the unstable pitching-moment characteristics of 
the long body would limit the usable angle of attack that might be 
obtained without the occurrence of second trim points or missile tumbling. 
In fact, the shortest missile considered in reference 1: (length-diameter 
ratio of 14.8) indicated a higher usable variation of trim angle of 
attack with canard control deflection than any of the longer body mis- 
siles and yet did not indicate the appearance of any serious interference 
effects of the canard control on the wing efficiency. It was then thought 
desirable to increase the canard control size in an effort to establish 
to what limit the controllability might be increased before the onset of 
any serious interference effects. To this end, an investigation was 
undertaken in which a 60° and a 70° delta canard having about twice the 
area of the original сапага were installed on the short missile body 
(length-diameter ratio of 14.8) and also on a missile of intermediate 
length (length-diameter ratio of 17.7). It was expected that these 
larger controls would have greater pitching effectiveness than the orig- 
inal control but should also tend to increase the interference losses 
at the wing. The present paper contains the results of the investiga- 
tion of the aerodynamic characteristics at a Mach number of 2.01 of the 
two cruciform wing missiles equipped with the larger canard controls and 
compares the result with that obtained previously with a smaller control. 


SYMBOLS 


The results of the tests are presented as standard NACA coefficients 
of forces and moments referred to the body-axis system (fig. 1) with the 
moment reference point for all configurations located 6.25 body diameters 
forward of the base of the body. 

CN normal-force coefficient, 1/45 


Со chord-force coefficient, 0/48 


анин. 
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Ли 


pitching-moment coefficient, М" /а5е 


rolling-moment coefficient,  L'/qSb 


ON cos а - Со sin a 


lift-drag ratio, 
Cy sin a + Сб cos a 


normal force 

chord force 

pitching moment | T 
rolling moment 

yawing moment 

lateral force 

free-stream dynamic pressure 


total wing area resulting from extending the wing leading 
and trailing edges to the body center line 


wing mean aerodynamic chord 
diameter of body | 

span of wing 

length of body 

longitudinal distance from nose 
Mach number 

angle of attack, deg 

angle of sideslip, deg 


horizontal-canard deflection angle, deg 


- Ст 
wing efficiency factor, „авио 7 Зевс 


бару - Сав 
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Am | increment of pitching-moment coefficient due to horizontal 

Abg canard deflection 

ВР | rate of change of angle of attack with horizontal-canard 
deflection at Са = 0, (За вен с. Р” 

S 

си ratio of exposed horizontal canard area to exposed wing 
area 


MODEL DESIGNATIONS 


B body 

BC body—canard-control combination 

BW body-wing са Тев 

BWC body—wing-—canard-control combination 


MODELS AND APPARATUS 


Sketches of the models tested together with pertinent dimensions 
end designations are presented in figure 2. Details of the canard con- 
trols and wing surfaces are presented in figure 5. The geometric char- 
acteristies of the models аге presented in table I. 


The body of the model was composed of a parabolic nose followed by 
the frustum of & cone which was faired into & cylinder. The body length 
was varied through the use of different lengths of the cylindrical рог- 
tion, with resulting body length-diameter ratios of 14.8 and 17.7. ‘The 
canard surfaces and both pairs of wings had delta plan forms with hex- 
agonal sections. The wings, vertical canards, and two of the horizontal 
canards tested had 709 swept leading edges. An additional horizontal 
canard having 60° swept leading edges was also tested. Ratios of canard 
exposed area to wing exposed area were 0.05 and 0.20 for the 70° delta 
control and 0.17 for the 609 delta control. Deflections of the hori- 
zontal canard were set manually. The vertical canard deflection was o? 
for all tests. The large 70° and the 60° canard controls were tested 
with both the long and short bodies (1/4 = 17.7 and 14.8) while the 
small 70° canard control was tested only with the short body (1/à = 14.8). 
All components of the model were removable so that tests of various com- 
binations of components could be made. 
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Force measurements were made through the use of a six-component 
internal strain-gage balance. The angle-of-attack range was from 09 to 
about 28? авд the angle-of-sideslip range from 09 to about 2107: 


TESTS, CORRECTIONS, AND ACCURACY 


Tests 


The conditions for the tests were: 


Mach number, Мораитис 40808 ез 46228 © чи e o m 28101 


Reynolds number, based оп wing M.A.C. ........... ЗА x 108 
Stagnation pressure, atm  . . . . e e «© © © o o s o» o s o ooo 1.0 
Stagnation temperature, Едо овча ро бо Мо. АР шан ВЕ шев оо, ЩО 


The stagnation dewpoint was maintained sufficiently low (-259 Е or 
less) so that no adverse condensation effects were encountered. 


^ 


Corrections and Accuracy 


The angles of attack and sideslip were corrected for the deflection 
of Ле balance and sting under load. The Mach number variation in the 
test section was approximately 10.01 and the flow-angle variation in the 
vertical and horizontal planes did not exceed about 40.19. Мо corrections 
were applied to the data to account for these flow variations. The base 
pressure was measured and the chord force was adjusted by equating the 
base pressure бо the free-stream static pressure. 


The estimated errors in the individual measured quantities are ав 
follows: 


бс... e 9 2 e е 9 г в 9 9 ө e е ә е ә е а ө ^ е +0.002 
Сі. ə e е е ^ ә ә o ә э е 9 ө ө БОЛЫ ысы од. OOOOH 
И пите ке“ жу бо ЖЫ 604 +0.1 
В, deg e ғ. e о e Кэ è> е ө ә а е ә е е е ә е > е ө 40.1 
Sy, deg . e ^ а "оо. ò ә e е ә ө э ө © a ө òo ә «© 40.1 
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RESULTS AND DISCUSSION 


The aerodynamic characteristics in pitch for the component parts of 
various configurations are presented in figure 4. The estimated varia- 
tion of Cy and Са with a for the body alone were obtained by the 


method of Allen (ref. 6). The estimated variations for the body-wing (BW) 
and the body-control (BC) configurations were obtained through the use of 
references 7 and 8 in conjunction with reference 6 in a manner described 
in reference 2. For the complete model (BWC), the estimated variations 
were obtained by combining the estimated control increments with the 
body-wing results disregarding interference effects, that is, 


(вс - в) + ви] = вис. 


The effects of canard-control deflection on the aerodynamic char- 
acteristics in pitch for the various complete model configurations are 
presented in figure 5. For the shorter body configuration, there is an 
increase in the stability and in the linearity of the variation of C, 
with a as well as a decrease in the pitching effectiveness of the 
canard control. As would be expected, the shorter body configuration 
with the small 70° canard control (fig. 5(c)) has the greatest stability 
and the lowest control pitching effectiveness because of its shorter 
moment arm and smaller control area. | 


Changes in canard-control size or body length have little effect on 
the L/D ratios throughout the angle-of-attack range (fig. 6). 


The wing efficiency (fig. 7) as indicated by the pitching moments 
of the body-wing configurations with and without the canard control 
decreases, particularly &t low angles of &ttack, &s the control size was 
increased or as the body was shortened. 


The variation of the canard control pitching-moment effectiveness 
with angle of attack for the various configurations is shown in figure 8. 
The value for the 70° control having an area ratio Sc/Sy = 0.10 was 
obtained from reference 1. The estimated values at а = 09 were obtained 
by multiplying the theoretical lift-curve slope obtained by the method of 
reference 9 for an isolated wing having the plan form of the exposed 
canard surfaces by the distance from the 0.67 root-chord point of the 
exposed canard to the model center of gravity. The estimates are in good 
agreement with the experimental results. я 


In order to determine the maximum obtainable trim angle of attack 
without encountering second trim points for any canard control deflection 
in this angle-of-attack range, the center-of-gravity location of the 
Shorter body configuration with the 60° control (50/5у = 0.17) was shifted 
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rearward from х/1 = 0.58 to x/l = 0.62. For this center-of-gravity 
location (fig. 9), calculations indicate that а trim angle of attack of 
about 159 would be expected for a canard-control deflection of 9.59, 

The resulting usable value of Strim of about 1.4 is nearly twice the 


maximum usable Om. Іш of 0.74 obtained with the same configuration 
r 


equipped with a 70° delta control having an area 0.10 the wing area 
(ref. 1). 
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The effect of body length on the induced lateral characteristics 
resulting from a 10° deflection of the large 70° сапага control are shown 
in figure 10. The induced effects appear to be slightly greater for the 
longer body configuration. 


CONCLUDING REMARKS 


The results of the investigation of the aerodynamic characteristics 
at a Mach number of 2.01 of two cruciform canard-type missiles having 
body fineness ratios of 14.8 and 17.7 with 70° delta wings and several 
different canard controls have indicated that, for а center-of-gravity 
location at 62 percent of the body length, a maximum usable value of 
ee (rate of change of trim angle of attack with canard deflection) 


of 1.4 might be obtained for the shorter body configuration with a 

60° delta canard control having an area 0.17 of the wing area. This 

value of Gp, i, is about twice that obtained previously for this missile 
r 


configuration equipped with a smaller 70° delta canard control having ап 
area 0.10 of the wing area. Although the wing efficiency, as indicated 
by the pitching moments of the body-wing configurations with and without 
the canard control, decreases as the control size was increased or as the 
body length was shortened, there were still no serious interference 
effects such that the linearity of the pitching moment with angle of 
attack would be impaired. 


Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 
Langley Field, Va., June 28, 1954. 
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TABLE I 


GEOMETRIC CHARACTERISTICS OF MODELS 


2... 
брен; іл; 2 ыл 4 ж а чи Зи а ке ке а а сы. со 
Chord at body center 11ne, in. г ыла beo We Ж МР ЕРЕ И — 2T 
Chord &t body intersection, - Ла, чи о Wo жож ve wow a МЭХ 
Area (leading апй trailing edges extended to body. 


center line), sq in. .......... tb et ae e.g ЛОО 
Area (exposed), sq din. ................... 64.2 
Aspect ratio 4o 4x s ss са ғ Rum eo we E AR ж due эй в. бо Фе cwn бота 1.40 
Sweep angle of leading edge, deg его во ПЕС ж ЧО а : 70 
Thickness ratio at body center line .... мі ok ж. ОЈО 


Leading-edge section angle normal to leading edge, TM ЭРЭ 15.6 
Trailing-edge section angle normal to trailing edge, deg . . 
Mean aerodynamic chord, in. . . . „ e > èe >» è» è èe èb è èo 

Canard surfaces: 
Sweep angle of leading edge, deg м 201710 2 ње ко 60 
Ratio of canard exposed area to wing ceed a area ...... 0.17 
Area (exposed), sq in. ................... 11.08 


Sweep angle of leading edge, deg . . . . . i Ж ж. ТО 
Ratio of canard exposed ахеа to wing suposed area .... 0.05, 0.20 
Area (exposed), sq in. ............. kde 404 29D. 19:01 
Bodies: 
Maximum diameter, [hi a a Еп СЕС 38-28 08. е оо 2.61 
Base area, 8q İD. ................ Tm 5.58 
ЇЄВЕ ОН. ins сылым Ж мо. че 08:24 ‚..... 59.57, 47.33 
Length-diameter ratio .............. wo жо. Oe LIT 
А 
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TABLE IT 


BODY COORDINATES IN INCHES 


um 


Conical section 
1.333} Cylindrical 


Relative wind 


Relative wind 


Figure 1.- System of body axes. 


Arrows indicate positive values. 
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47.33 


30.67 


Vertical canard 
a : ° 
9.46 Horizontal canard A 
hinge line c.g. location 


Ud Control Зс/с 


17.7 60? О17 
17.7 Large 709 020 


2% 


14.8 60° 0.17 
|448 Large 70° 0.20 
48 Small 70° 0.05 


Figure 2.- Sketches of models. А11 dimensions in incbes. 
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Figure 5.- Details of wing and canard controls. All dimensions in inches. 
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Hinge line 
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Large 70“ delta canard, Ч 0.20 
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2.36 
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Small 709 delta canard, 2с. 0.05 
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Figure 5.- Concluded. 
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(a) 2/4 = 17.7; large TO? canard control. 


Figure 4.- Aerodynamic characteristics in pitch for component parts of 
various configurations. Әң = 09. 
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(а) Coneluded. 


Figure 4.- Continued. 
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17.73 60° canard control. 


(b) t/a 


Figure 4.- Continued. 
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(b) Concluded. 


Figure 4.- Continued. 
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(е) 1/а = 14.8; large 70° canard control. 


Figure 4.- Continued. 
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(c) Concluded. 


Figure h.- Continued. 
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Figure 4.- Continued. 
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(а) Concluded. 


Figure 4.- Continued. 
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(е) 2/4 = 14.83 small 70° canard control. 
Figure 4.- Continued. 
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Figure 4.- Concluded. 


22 


NACA RM 158020 


o2 Се 


пшаніц 
Аы | | | бо ||| || |_ 
Тү А ЕО НО PT ТАМА ШЕШЕН 
БИШ ИЕ ШЕ ЕШШ О ССЦ 
CCPC CACC ПА РА ПБ a a 
СОСЕ LL EL Lab LL LL OL BRL LI а 
ГУ ТАШ ГГА 
11. ТТТ ГАТ 114 
АА А ТИ 1а, 
ЕН 


(a) 609 сапага control. 


Effect of control deflection on аегодупаш с characteristics 


Figure 5.- 


Complete model. 


in pitch. 
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(b) Large 70° canard control. 


Figure 5.- Continued. 
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Figure 5.- Coneluded. 
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(c) Small 709 canard control. 
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Figure 6.- Lift-drag ratios for the various configurations. 
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48-14.8, small 70° 


Ud = 14.8, large 70° 
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Figure Т.- Wing efficiency factors for the various complete model 
Ствис 7 “mpc 7 бюз 


msg = my 


configurations. Ny = 


--, m amn —————— d —— а от ey WA re i — am a enm аа сол читаат a mm, тэрэ. 


Gc Un аи aM M  — M a Wü — Pra qn = 2 = 


Estimote Experiment “4 Control "Us. 


(7.7 | Large7O? 020 
я лее AA 602 0.17 
| Large 707 0.20 
cce ees ЈА 60? 0.17 
—— — 148  Small7O? 0.05 


РРОПО 
| 
| 
| 
| 
Fs 
со 


012 


О 
22 О 2 4 6 “ a [О 


Figure 8.- Pitching-moment increment due to control deflection.  Camplete 
models. 
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-of-gravity location on the pitching-moment 
1/4 = 14.8; 60° canard control. 
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Figure 9.- 
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Figure 10.- Effect of body length оп the induced lateral characteristics 
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